INTRODUCTION
In this attempt, JNC cows were first crossed using Brahman semen to produce G 1. Brahman was used because of its unique abilities to tolerate high environmental temperature and tick resistance (Peacock et al., 1981) . These qualities can help improve beef cattle performance under the subtropical conditions of Jeju Island. The G 1 animals have shown good growth performance, but their meat quality was inferior to JNC when compared according to the Korean beef grading system (unpublished data). Thus the G 1 animals were crossed with Charolais to produce CBK (25 JNC: 50 Charolais: 25 Brahman) and the CBK was backcrossed to JNC to produce a three breed synthetic named as BCBK which is 62.5 JNC: 25 Charolais: 12.5 Brahman. Growth performance, and carcass evaluation of JNC and its crossbreds fed for a long fattening period (24 months slaughtering age) were compared and presented elsewhere .
In this paper we are reporting comparative growth performance and carcass characteristics of JNC, CBK and BCBK fed for a short fattening period (18 months slaughtering age).
MATERIALS AND METHODS

Animals and feeding
Eight male calves each of JNC (80.40±10 kg), CBK (113.50±12.3 kg), and BCBK (100.3±9.5 kg) were weaned at 4 months of age and were fed similar diets for 18 months of their age. Two animals were housed in each pen on a cemented floor. All animals were fed a growing ration until 12 months of age and thereafter switched to a fattening ration for a period of 6 months. Concentrate rations, and Italian ryegrass (Lolium multiflorum) hay were offered ad libitum (10% refusals) throughout the experiment and water was made available for 24 h from a drinking bowl in each pen. Chemical composition of growing and fattening rations and of Italian rye grass is presented in Table 1 . All experimental procedures were approved by the ethics committee for the use of animals in experiments, Subtropical Agriculture Research Institute, Republic of Korea.
Body weight and feed intake
Initial and final BW of animals were measured. Concentrate and roughage intake was monitored weekly for two consecutive days. Weekly feed and refusal samples were analysed for DM using procedure described in AOAC (1995) . Total and daily concentrate and roughage DM intakes were calculated.
Slaughtering and carcass evaluation
All animals were slaughtered at 18 months of age for carcass evaluation. Animals were transferred to a slaughter house 2 days prior to slaughtering and were offered only water for 48 h before they were stunned using a captive bolt. All animals were slaughtered and weights of internal organs and different carcass cuts were measured using the procedures described by Lee et al. (2007) .
Chemical, physical and sensory evaluation
Samples of loin muscles at the 8th-13th thoracic vertebrae from both carcass sides were removed, and transported to a meat science laboratory. Loin samples were carefully trimmed of all subcutaneous fat, epimysium and peripheral muscles so that only the completely trimmed Longissimus dorsi muscle remained. Samples from the right carcass side were used to evaluate meat quality characteristics, and samples from the left carcass side were used to evaluate eating quality. The samples were packaged in polyethylene bags using a chamber-type heat sealing vacuum packaging system, stored in the dark at 2°C in a chilling room and evaluated after 2 days.
Moisture, protein and lipid contents in each sample were determined according to AOAC methods (AOAC, 1995) . Ash content was determined as the residue after combustion at 650°C for 6 h. Cooking loss, shear force and water holding capacity of beef were measured using procedures described by Lee et al. (2007) .
For sensory evaluation, each steak was cooked on preheated grilling units at approximately 150°C to an internal 
Statistical analysis
Data on all growth and carcass traits were presented as mean±standard error. Data on various growth and carcass traits were analysed as a completely randomised design by analysis of GLM covariance (SAS, 1994) . Initial body weight was included in the model as a covariate for the analyses of growth parameters and feed efficiency. For carcass yield analysis hot carcass weight was used as a covariant. The significant (p<0.05) differences among means were separated by application of Duncan's Multiple Range test (Steel and Torrie, 1984) .
RESULTS AND DISCUSSION
Mean birth weight (kg) of CBK (33.5±0.59) and BCBK (27.8±0.82) was greater (p<0.05) than JNC (23.4±0.45). At weaning, CBK and BCBK attained greater (p<0.05) BW than JNC (Table 2) . In this study, JNC, CBK and BCBK calves were raised with their dams for four months of age before weaning. Higher BW of CBK and BCBK at weaning may be ascribed to their greater birth weights and better maternal ability of crossbred cows than JNC cows. The Charolais breed was used to produce a crossbred of JNC because it produces heavier calves which can grow faster than other beef breeds (Cundiff et al., 1993) . Peacock et al. (1981) reported 20% higher weaning weight for Charolais than for Brahman calves. As backcrosses to JNC were the daughters of G 1 cows, the better performance of BCBK compared with JNC calves during the pre-weaning period could be the result of better maternal ability and higher milk production of crossbred cows compared with JNC cows.
Final BW (at 18 months) and BW gain were greater (p<0.05) in CBK and BCBK compared with JNC ( Table 2) . The CBK and BCBK gained 27.42 and 25.99% more BW at 18 month of age compared with JNC, respectively. Average total and daily concentrate and roughage DM consumption were greater in CBK and BCBK compared with JNC ( Table  2 ). The CBK and BCBK animals consumed significantly less (p<0.05) DM for a unit BW gain than JNC. Body weight gain, DM intake and feed conversion efficiency were not different between CBK and BCBK (Table 2) . Hanwoo, Wagyu and JNC are known for their genetic ability to produce highly marbled beef (Yang et al., 1999; Lee et al., 2003; Moon et al., 2003) , but they grow at a lesser rate than specialized western beef cattle like Charolais. Mir et al. (1999) reported that animals with continental inheritance grew faster than animals with 1/2 or 3/4 Wagyu inheritance. Myers et al. (1999) also reported that Wagyu cattle grew more slowly than British cattle. Similarly, other workers (Mears et al., 2001; Kuber et al., 2004; Wheeler et al., 2004) reported rapid gain and higher finishing BW of crossbreds (Wagyu×Charolais, Wagyu ×Limousin, and Wagyu×Hereford) cattle compared with purebred Wagyu. In the current study, animals with JNC inheritance had the lowest slaughter weight. Greater BW gain, DM consumption and better feed conversion efficiency in CBK and BCBK compared with JNC may be ascribed to the effects of heterosis and the inheritance of Charolais genes in the crossbreds.
Weights of hot and cold carcass, ribs and boneless meat were noticed significantly different (p<0.05) among JNC, (Table 3 ). The heaviest carcass was observed in CBK followed by BCBK and JNC. Heavier carcass of CBK and BCBK compared with JNC could be attributed to their greater slaughter weights. The carcass weight was an important factor affecting meat quality through its effect on fattiness (Hilton et al., 1998) . Rossi et al. (2000) described that a premium product (e.g., highly marbled meat in Korea) could offset the feed cost. Korean native cattle produce a light weight carcass compared with Angus and Charolais cattle when fed the same diet and finished at similar age (Lorenzen et al., 1993; Hilton et al., 1998; Park et al., 2002) . Lorenzen et al. (1993) reported that the weight of Korean native cattle carcasses was approximately 80 kg lighter than that of traditional U.S. beef including Bos indicus breed types, dairy types and native breed types. Park et al. (2002) explained that both yield (as determined by the cold carcass weight, adjusted fat thickness and Longissimus muscle area) and quality (as determined by the marbling, meat color, fat color, texture and overall maturity score) grades of Korean native cattle carcasses could be improved with heavier slaughter weight.
In the present study, greater slaughter weight and heavier carcass weight in CBK and BCK compared with JNC can improve both beef quality and yield grades. Weights of trimmed carcass fat, boneless meat, excluded rib and retailed cut weight were also greater (p<0.05) in CBK compared with BCBK and JNC (Table 3) . Longissimus dorsi muscle area and its ratio were higher (p<0.05) in crossbreds compared with JNC (Table 4) . Higher Longissimus dorsi muscle in CBK and BCBK compared with JNC could be attributed to the heavier carcass of CBK and BCBK. Park et al. (2002) Head weight was greater (p<0.05) in CBK compare with JNC and BCBK. Fore and rear leg weights were the heaviest in CBK followed by BCBK and JNC. Blood weight was similar for JNC and its crossbreds. Total internal organ and hide weights were greater (p<0.05) in crossbreds compare with JNC. Heart, lungs, spleen, rumen, reticulum, omasum, abomasum, small intestine, kidney and sexual organ weights were the heaviest in CBK followed by BCBK and JNC (Table 4) . Liver and large intestine weights were similar in JNC and its crossbreds. Carcass, chest and femur lengths were greater (p<0.05) in CBK and BCBK compared with JNC (Table 4) . Chest width, chest depth and hip width were similar in JNC and its crossbreds. Femur width was greater (p<0.05) in CBK compared with BCBK and JNC. Femur depth and chest girth were greater (p<0.05) in CBK and BCBK compared with JNC (Table 5) . Similar results were observed when specialized beef cattle or Wagyu crossbreds were compared with pure Wagyu animals (Barker et al., 1995; Chung et al., 2006) . Total carcass fat weight was greater (p<0.05) in CBK compared with BCBK and JNC (Table 6 ). Back fat thickness (at 4-5, 7-8 and 11-12 vertebra) was higher (p<0.05) in JNC compared to its crossbreds. Higher back fat thickness in JNC may be attributed to its early biological maturity (Lunt et al., 2005) and natural tendency to accumulate fat (Park et al., 2002) .
Total kidney fat and its weight were greater (p<0.05) in crossbreds than in JNC. Weight of tenderloin and striploin was the highest in CBK followed by BCBK and JNC. However, fat weight in these areas was not different among JNC, CBK and BCBK (Table 6 ). Previous studies have demonstrated that American Wagyu (a synthetic breed produced using Angus, Hereford and Holstein) cattle exhibit adipose tissue accretion tendencies similar to those of Japanese Black cattle (Barker et al., 1995) . Sirloin weight in half of the quarter was greater (p<0.05) in crossbreds compared to JNC. Higher weight of the different cuts may be attributed to the heavier carcass of crossbreds compared to JNC. Top round and sticking weight in the left and right half of the carcass were the heaviest in CBK followed by BCBK and JNC (Table 6 ). Total fat in top round followed a similar pattern. Bottom round fat and weight of each half of the carcass were greater (p<0.05) in crossbreds compared to JNC. Fore leg weight, shank weight, shank fat weight and thin flank weight of the carcass were the highest in CBK followed by BCBK and JNC. Total thin shank fat weight in the carcass followed a similar trend. Rib weight was greater (p<0.05) in crossbreds compared with JNC. Rib fat weight was not significantly different among JNC, CBK and BCBK (Table 6 ). Although the Korean beef grading system is a function of degree of marbling, firmness of muscle texture, fat and meat color and degree of maturity, quality grade is practically determined largely on the basis of degree of marbling. Greater carcass weight and fat in crossbred cattle compared with JNC are significantly beneficial in the Korean beef grading system. Park et al. (2002) reported that better quality grade of Hanwoo cattle was positively linked to carcass weight. A higher (better) quality grade score was resulted from heavier carcasses with thicker back fat, larger ribeye area, more red meat color, more white fat color and with a higher degree of marbling. There are some studies reporting that carcasses with a larger ribeye area resulted in a lower USDA quality grade (Lorenzen et al., 1993; Boleman et al, 1995; Miller et al., 1996) . However, in Korean native cattle, ribeye area had highly positive correlations with slaughter weight and degree of marbling.
Percent moisture, crude ash and crude protein of meat were similar in of JNC, CBK and BCBK (Table 7) . Percent meat crude fat was significantly greater (p<0.05) in JNC compared with its crossbreds. Fat accretion may be (Barker et al., 1995; Lunt et al., 2005; Moon, 2006) . Previous studies have demonstrated that American Wagyu cattle exhibit adipose tissue accretion tendencies similar to those of Japanese Black cattle (Barker et al., 1995) . Marbling is a prime theme in the Korean beef industry, as consumers judge meat quality on the basis of the degree of marbling and they are willing to pay premium for a highly marbled product (Animal products grading service report, 2001). In 2001, the prime Hanwoo striploin received more than three US dollars premium per kilogram compared to that for an average quality. Under the Korean beef market circumstances, carcass quality is largely determined by marbling score (Park et al., 2002; Irie et al., 2006) and consequently breeders and producers are forced to improve marbling. Cooking loss of meat was similar for JNC and its crossbreds. Meat sheer force value, percent water holding capacity, juiciness and tenderness were significantly greater (p<0.05) for JNC compared to its crossbreds (Table 7) . Tenderness is the most important textural characteristic of meat and has the greatest influence on consumer acceptance. It is established that beef Longissimus tenderness decreases as the percentage of Bos indicus inheritance increases (McKeith et al., 1985; Wheeler et al., 1994; Shackelford et al., 1995) . Brahman inheritance in crossbreds probably has decreased the tenderness in crossbreds of JNC compared to JNC. Shear force values were slightly negatively related to intramuscular fat content in most studies (Seideman et al., 1987; Fiems et al., 2000) . However, Renand et al. (2001) also found that tenderness or mechanical strength was not closely related to the intramuscular fat content. Meat flavor was similar for JNC, CBK and BCBK. Many authors found that flavor and juiciness was only slightly positively related to the intramuscular fat content (Dikeman et al., 19886; Van et al., 1992) .
In conclusion, CBK and BCBK have shown greater BW gain, slaughtering weight and carcass yield compared with JNC. Fat yield was also greater in CBK and BCBK carcasses compared with JNC. Meat shear force value, percent water holding capacity, juiciness and tenderness were greater for JNC compared to its crossbreds. Yield grades in Korea are influenced by muscling and carcass size as determined by loin-eye area, fat thickness and carcass weight. The CBK and BCBK both produce a heavier carcass with a good degree of fatness.
